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DESCRIPTION 



ORTHOGONAL MODULATION DEVICE, METHOD, PROGRAM, 
RECORDING MEDIUM, AND MODULATION DEVICE 

TECHNICAL FIELD 

The present invention relates to a calibration of an orthogonal 
modulator. 

BACKGROUND ART 

Conventionally, an IF (Intermediate Frequency) signal has been 
generated by an orthogonal modulation. FIG. 6 shows an orthogonal 
modulation circuit according to prior art. 

With reference to FIG. 6, base band signals include an I signal and a 
Q signal. The I signal is amplified by an amplifier 102. A multiplier 104 
mixes the amplified signal with a local signal generated by a local signal 
source 300. The Q signal is amplified by an amplifier 202. The phase of 
the local signal generated by the local signal source 300 is shifted by a phase 
shifter 304 by 90 degrees. Then, the multiplier 204 mixes the Q signal 
amplified by the amplifier 202 and the local signal whose phase has been 
shifted by 90 degrees with each other. An adder 400 adds an output from 
the multiplier 104 to an output from the multiplier 204, and outputs an 
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added signal as an IF signal. 

On this occasion, it is difficult to precisely maintain a phase 
difference between the locsd signals supplied respectively to the multiplier 
104 and the multiplier 204 to 90 degrees. A phase error is thus generated. 
Moreover, since the base band signals include two systems" the I signal and 
Q signal, there may be difference in the amplitude between the 1 signal and 
the Q signal. Amplitude errors are thus generated. Therefore, it is 
necessary to remove these errors, namely to carry out a calibration. 

For the caUbration, signals used for the cahbratLon are supplied as 
the I signal and Q signal. The calibration is carried out based upon a signal 
output from the adder 400 as a result of supplying the calibration signals. 

Note that Japanese Laid-Open Patent PubUcation (Kokai) No. 
2001-333120 describes a calibration for a demodxdator. 

However, during the calibration, an IF signal cannot be generated by 
means of the orthogonal modvdation. 

The present invention has an object of providing an orthogonal 
modulation device and the like which can carry out a cahbration without 
stopping a modulation carried out by the orthogonal modulation device. 
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DISCLOSURE OF THE INVENTION 

According to the present invention, an orthogonal modulation device 
includes- an adding luiit that outputs a pseudo noise superimposed signal 
obtained by adding a pseudo noise to a user signal; a signal conversion unit 
that mixes the pseudo noise superimposed signal with a local signal at a 
predetermined local frequency, and outputs an converted signal; a phase 
shifting unit that outputs a phase shifted local signal obtained by shifting 
the phase of the local signal; a phase shifted local signal multiplying unit 
that multipUes the converted signal by the phase shifted local signal; and a 
correlating unit that obtains a correlation between an output from the phase 
shifted local signal multiplying unit and the pseudo noise. 

According to the thus constructed orthogonal modulation device, an 
adding unit outputs a pseudo noise superimposed signal obtained by adding 
a pseudo noise to a user signal. A signal conversion unit mixes the pseudo 
noise superimposed signal with a local signal at a predetermined local 
frequency, and outputs an converted signal. A phase shifting unit outputs a 
phase shifted local signal obtained by shifting the phase of the local signal. 
A phase shifted local signal multiplying unit multiplies the converted signal 
by the phase shifted local signal. A correlating unit obtains a correlation 
between an output from the phase shifted local signal multiplying unit and 
the pseudo noise. 

According to the present invention, the correlating unit may include 
a pseudo noise multiplying unit that multipHes the output from the phase 
shifted local signal multiplsring unit by the pseudo noise; and an integrating 
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unit that integrates an output from the pseudo noise multipljdng unit, and 
outputs an integrated signal. 

According to the present invention, an integration interval of the 
integrating unit may be sufficiently longer than the period of the local signal. 

According to the present invention, the integration interval of the 
integrating unit may be sufficiently longer than the period of the pseudo 
noise; and the period of the pseudo noise may be sufficiently longer than the 
period of the local signal. 

According to the present invention, the orthogonal modulation device 
may include- an error measurement unit that measures a DC offset error, a 
phase error, and an amphtude error in the output from the integrating unit. 

According to the present invention, the error measurement unit may 
neglect at least one of the DC offset error, the phase error, and the amplitude 
error, and may measure errors which are not neglected. 

According to the present invention, the pseudo noise may be smaller 
than the user signal. 

According to the present invention, the pseudo noise may be 
approximately equal to a floor noise. 

According to the present invention, the orthogonal modulation device 
wherein the user signal includes an I signal and a Q signal, may includes a 
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pseudo noise addition subject signal selecting unit that selects whether the 
pseudo noise is added to the I signal or the Q signal. 

According to the present invention, the orthogonal modulation device, 
includes a first subtracting unit that subtracts the user signal firom the 
output from the phase shifted local signal multiplying unit, the pseudo noise 
multiplying unit multiplying an output from the fixst subtracting unit by the 
pseudo noise. 

According to the present invention, the orthogonal modulation device 
wherein the user signal includes an I signal and a Q signal, may include a 
pseudo noise addition subject signal selecting unit that selects whether the 
pseudo noise is added to the I signal or the Q signal; and a subtraction 
subject signal selecting imit that selects the user signal to which the pseudo 
noise addition subject signal selecting unit has selected to add the pseudo 
noise as the user signal to be supplied to the first subtracting unit. 

According to the present invention, the orthogonal modulation device, 
may include a second subtracting unit that subtracts a signal obtained by 
mixing the user signal and the local signal from the converted signal, the 
phase shifted local signal multiplying unit multiplying a signal output from 
the second subtracting unit by the phase shifted local signal. 

According to the present invention, the orthogonal modulation device 
wherein the user signal includes an I signal and a Q signal, may include a 
pseudo noise addition subject signal selecting unit that selects whether the 
pseudo noise is added to the I signal or the Q signal; and a subtraction 



5 



.1 •! 

FADT0401PCT 

subject signal selecting unit that selects the user signal to which the pseudo 
noise addition subject signal selecting unit has selected to add the pseudo 
noise as the user signal to be supplied to the second subtraction unit. 

According to the present invention, an orthogonal modulation 
method includes- an adduig step of outputting a pseudo noise superimposed 
signal obtained by adding a pseudo noise to a user signal; a signal conversion 
step of mixing the pseudo noise superimposed signal with a local signal at a 
predetermined local frequency, and outputs an converted signal; a phase 
shifting step of outputting a phase shifted local signal obtained by shifting 
the phase of the local signal; a phase shifted local signal multiplying step of 
multiplying the converted signal by the phase shifted local signal; a 
correlating step of obtaining a correlation between an output from the phase 
shifted local signal multiplying step and the pseudo noise; and an error 
measurement step of measuring an error of the user signal based on an 
output from the correlating step. 

The present invention is a program of instructions for execution by 
the computer to perform an error measurement process of an orthogonal 
modulation device having' an adding unit that outputs a pseudo noise 
superimposed signal obtained by adding a pseudo noise to a user signal; a 
signal conversion unit that mixes the pseudo noise superimposed signal with 
a local signal at a predetermined local frequency, and outputs an converted 
signal; a phase shifting unit that outputs a phase shifted local signal 
obtained by shifting the phase of the local signal; a phase shifted local signal 
multiplying unit that multiplies the converted signal by the phase shifted 
local signal; and a correlating unit that obtains a correlation between an 
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output from the phase shifted local signal multiplying unit and the pseudo 
noise, the error measurement process including- an error measurement step 
of measuring an error of the user signal based on an output from the 
correlating step . 

The present invention is a computer-readable medium having a 
program of instructions for execution by the computer to perform an error 
measurement process of an orthogonal modulation device having- an adding 
unit that outputs a pseudo noise superimposed signal obtained by adding a 
pseudo noise to a user signal; a signal conversion unit that mixes the pseudo 
noise superimposed signal with a local signal at a predetermined local 
frequency, and outputs an converted signal; a phase shifting unit that 
outputs a phase shifted local signal obtained by shifting the phase of the 
local signal; a phase shifted local signal multiplying unit that multiphes the 
converted signal by the phase shifted local signal; and a correlating unit that 
obtains a correlation between an output from the phase shifted local signal 
multiplying unit and the pseudo noise, the error measurement process 
including- an error measurement step of measuring an error of the user 
signal based on an output from the correlating step. 

According to the present iavention, a modulation device includes- an 
adding unit that outputs a pseudo noise superimposed signal obtained by 
adding a pseudo noise to a user signal; and a correlating unit that obtains a 
correlation between a modulated signal obtained by modulating an output 
from the adding xmit and the pseudo noise. 

According to the thus constructed modulation device, an adding unit 
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outputs a pseudo noise superimposed signal obtained by adding a pseudo 
noise to a user signal. A correlating unit obtains a correlation between a 
modxilated signal obtained by modulating an output from the adding unit 
and the pseudo noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a configuration of an orthogonal 
modulation device according to a first embodiment of the present invention; 

FIG. 2 is a chart showing an output (Det) of an integrator 58 where I 
is assigned to the horizontal axis, and Q is assigned to the vertical axis, and 
showing a case without errors (FIG. 2(a)), a case with amphtude errors (FIG. 
2(b)), and a case with DC offset errors and a phase error (FIG. 2(c)); 

FIG. 3 is a chart showing coordinates of the output (Det) of the 
integrator 58 while an amount^ of the phase shifted by a phase shifter 50 
from 0° to 360° by each 45°; 

FIG. 4 is a block diagram showing a configuration of an orthogonal 
modulation device according to a second embodiment of the present 
invention; 

FIG. 5 is a block diagram showing a configuration of an orthogonal 
modulation device according to a third embodiment of the present invention; 
and 

FIG. 6 is a block diagram showing a configuration of an orthogonal 
modulation circuit according to prior art. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given of embodiments of the present 
invention with reference to drawings. 

First Embodiment 

FIG. 1 is a block diagram showing a configuration of an orthogonal 
modulation device according to a first embodiment of the present invention. 
The orthogonal modulation device according to the first embodiment is 
provided with amplifiers 12 and 22, adders 14 and 24, signal conversion 
sections 16 and 26, a pseudo noise generator 32, an attenuator 34, a pseudo 
noise addition subject signal selecting section 36, a local signal source 40, a 
90-degree phase shifter 42, phase finely adjusting sections 441 and 44Q, a 
phase shifter 50, an IF signal output adder 52, a phase shifted local signal 
multiplier 54, a pseudo noise multiplier 56, an integrator 58, and an error 
measurement section 70. 

The amplifier 12 amplifies the I signal. The amplifier 22 amplifies 
the Q signal. The I signal and the Q signal are user signals. 

The pseudo noise generator 32 generates a pseudo noise PN. The 
pseudo noise PN is, for example, an M-sequence pseudo random pattern, and 
generates a random pattern with a long period where probabilities of 
generation of two values are approximately 50%. Namely, if the period is n 
= 2'"-l, the high level signal is generated 2"i~i times, and the low level signal 
is generated 2'""^-l times. However, the pseudo noise PN herein may be 
such a noise P(t) that an integral of P(t)2 for a svifficiently long interval is a 
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non-zero constant, and an integral of P(t) for a sufficiently long interval is 0. 
The pseudo noise PN is not necessarily Umited to an M-sequence pseudo 
random pattern. Note that a natural thermal noise may be employed in 
place of the pseudo noise generator 32. 

The attenuator 34 reduces the level of the pseudo noise PN generated 
by the pseudo noise generator 32 to a level lower than that of the I signal or 
the Q signal. The level of the pseudo noise PN is preferably reduced to or 
below a floor noise (-70 dBc, for example). 

The pseudo noise addition subject signal selecting section 36 selects 
whether the pseudo noise PN is added to the I signal or the Q signal. The 
pseudo noise addition subject signal selecting section 36 serves as a switch. 
If a terminal 36a and a terminal 361 are connected with each other, the 
pseudo noise PN is added to the I signal. If a terminal 36a and a terminal 
36Q are connected with each other, the pseudo noise PN is added to the Q 
signal. 

The adder 14 adds a DC offset (DC— I) and the pseudo noise PN to the 
I signal amplified by the amplifier 12. Note that the pseudo noise PN is 
added if the pseudo noise addition subject signal selecting section 36 selects 
to add the pseudo noise PN to the I signal. The DC offset (DC-I) is a signal 
used to adjust an offset error of the I signal. 

The adder 24 adds a DC offset (DC-Q) and the pseudo noise PN to 
the Q signal amplified by the amplifier 22. Note that the pseudo noise PN 
is added if the pseudo noise addition subject signal selecting section 36 
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selects to add the pseudo noise PN to the Q signal. The DC offset (DC-Q) is 
a signal used to adjust an offset error of the Q signal. 

A signal obtained by adding the pseudo noise PN to the I signal (Q 
signal) is referred to as a pseudo noise superimposed signal. 

The local signal source 40 generates a local signal at a predetermined 
local frequency. The 90-degree phase shifter 42 shifts the phase of the local 
signal by 90 degrees. The phase finely adjusting section 441 finely adjusts 
the phase of the local signal. The phase finely adjusting section 44Q finely 
adjusts the phase of an output from the 90-degree phase shifter 42. The 
phase finely adjusting sections 441 and 44Q finely adjust the phases so that 
the phase difference between signals respectively output therefrom is exactly 
90"^. Namely, a phase errors between the I signal and the Q signal is 
adjusted. 

The signal conversion section 16 includes a multipHer 16a and a 
variable gain amplifier 16b. The multiplier 16a mixes the local signal 
output from the phase finely adjusting section 441 and an output from the 
adder 14 by multiplsring them by each other. If the pseudo noise signal is 
added to the I signal by the adder 14, the pseudo noise superimposed signal 
is to be mixed with the local signal. The variable gain amplifier 16b 
amplifies an output from the multipUer 16a, and outputs an amplified signal. 
The variable gain amplifier 16b adjusts an amplitude error of the 1 signal by 
changing a gain thereof. Note that the variable gain amplifier 16b may be 
provided prior to the multipUer 16a. The signal conversion section 16 
outputs a converted signal obtained by mixing the pseudo noise 
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superimposed signal with the local signal, or a signal obtained by mixing the 
I signal with the local signal in this way. 

The signal conversion section 26 includes a multiplier 26a and a 
variable gain amplifier 26b. The multiplier 26a mixes the local signal 
output from the phase finely adjusting section 44Q and an output fi:om the 
adder 24 by multiplying them by each other. If the pseudo noise signal is 
added to the Q signal by the adder 24, the pseudo noise superimposed signal 
is to be mixed with the local signal. The variable gain amplifier 26b 
amplifies an output from the multipUer 26a, and outputs an amplified signal. 
The variable gain amplifier 26b adjusts an amplitude error of the Q signal by 
changing a gain thereof. Note that the variable gain amplifier 26b may be 
provided prior to the multiplier 26a. The signal conversion section 26 
outputs a converted signal obtained by mixing the pseudo noise 
superimposed signal with the local signal, or a signal obtained by mixing the 
Q signal with the local signal in this way. 

The phase shifter 50 changes the phase of the local signal from 0 to 
360**, and outputs a shifted signal. For example, the phase is changed from 
0*^ to 360° by each 45°. 

The IF signal output adder 52 adds an output firom the signal 
conversion section 16 and an output from the signal conversion section 26, 
and outputs an result of the addition. An output from the IF signal output 
adder 52 is obtained by adding the converted signal (signal obtained by 
mixing the pseudo noise superimposed signal obtained by adding the pseudo 
noise signal to the I signal (Q signal) with the local signal) to the signal 
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obtained by mixing the Q signal (I signal) with the local signal. Since the 
level of the pseudo noise PN is low, the output from the IF signal output 
adder 52 can be used as an IF signal. Moreover, based upon the IF signal, 
the DC offset errors, the phase error, and the amplitude errors can. be 
obtained. Consequently, while the IF signal is being obtained, namely the 
modulation is being carried out, the DC offset error and the like may be 
obtained, and further, the I signal and Q sigaal may be cahbrated. 

The phase shifted local signal multipKer 54 multiplies the output 
from the phase shifter 50 by the IF signal. Since the IF signal includes the 
converted signal, it follows that the output from the phase shifter 50 is 
multiplied by the converted signal. 

The pseudo noise multiplier 56 multiplies an output from the phase 
shifted local signal multipher 54 by the pseudo noise PN. 

The integrator 58 integrates an output from the pseudo noise 
multiplier 56, and outputs an integrated signal. Note that the integration 
interval is sufficiently longer than the period of the local signal and the 
period of the pseudo noise PN. Note that the period of the pseudo noise is 
sufficiently longer than the period of the local signal. An output from the 
integrator 58 is denoted by Det. Note that a correlation between the output 
from the phase shifted local signal multipher 54 and the pseudo noise PN is 
obtained by the pseudo noise multiplier 56 and the integrator 58. 

The error measurement section 70 calculates the DC offset errors, 
the phase error, and the amplitude errors based upon Det. Note that at 
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least one of the DC offset errors, the phase error, and the amplitude errors 
(such as the DC offset errors) may be neglected, and errors which are not 
neglected may be measured. Note that, based upon the measured resvdts, 
there are determined the DC offsets (DC-I and DC-Q) supplied to the 
adders 14 and 24, the amounts of the phases to be adjusted by the phase 
finely adjusting sections 441 and 44Q, and the gains of the variable gain 
amplifier 16b and 26b. As a result, there are adjusted the DC offset errors, 
the phase error, and the amplitude errors. 

A description wiU now be given of an operation of the first 
embodiment. 

The pseudo noise generator 32 generates the pseudo noise PN. The 
level of the pseudo noise PN is reduced to a level equal to or lower than the 
floor noise by the attenuator 34. The pseudo noise PN is input to the adder 
14 or the adder 24 by the pseudo noise addition subject signal selecting 
section 36. 

The I signal (Q signal) is amplified by the amplifier 12 (22), and is 
supplied to the adder 14 (24). The pseudo noise PN is supplied to the adder 
14 (or the adder 24). 

If the pseudo noise PN is supplied to the adder 14, the pseudo noise 
PN is added to the I signal amplified by the amplifier 12, resulting in the 
pseudo noise superimposed signal. The DC offset (DC-I) is further added 
by the adder 14 to adjust the offset error of the I signal. The DC offset 
(DC-Q) is added to the Q signal amplified by the amplifier 22 to adjust the 



14 



FADT0401PCT 

offset error of the Q signal. 

If the pseudo noise PN is suppUed to the adder 24, the pseudo noise 
PN is added to the Q signal amplified by the amplifier 22, resulting in the 
pseudo noise superimposed signal. The DC offset (DC-Q) is further added 
by the adder 24 to adjust the offset error of the Q signal. The DC offset 
(DC-I) is added to the I signal amplified by the amplifier 12 to adjust the 
offset error of the I signal. 

The local signal source 40 generates the local signal at the 
predetermined local frequency. The local signal is supphed to the signal 
conversion section 16 via the phase finely adjusting section 441. Moreover, 
the local signal is supplied to the signal conversion section 26 via the 
90-degree phase shifter 42 and the phase finely adjusting section 44Q. 

If the pseudo noise PN is suppUed to the adder 14, the multipher 16a 
mixes the pseudo noise super imposed signal output from the adder 14 with 
the local signal. If the I signal, the pseudo noise PN, and the local signal 
are respectively denoted by I(t), P(t), and cos cot, the output from the 
multipher 16a is represented as* 
(I(t)+P(t)) coswt — (1) 
The output from the multiplier 16a is amplified by the variable gain 
amplifier 16b. As a result, the amphtude error of the I signal is adjusted. 

The multiplier 26a mixes the signal output from the adder 24 with 
the local signal (note that the phase is shifted by 90**). If the Q signal and 
the local signal are respectively denoted by Q(t) and coscot, the output from 



15 



FADT0401PCT 

the multiplier 26a is represented as" 

Q(t)sina;t — ( 2 ) 
The output from the multiplier 26a is amplified by the variable gain 
amplifier 26b. As a result, the amplitude error of the Q signal is adjusted. 

The outputs from the signal conversion section 16 and the signal 
conversion section 26 are added by the IF signal output adder 52 to generate 
the IF signal. Consequently, the IF signal is obtained and is modulated. 
Since the level of the pseudo noise PN is low, there is caused no problem if 
the IF signal is used as a modulated signal. 

Moreover, the local signal generated by the local signal source 40 is 
supphed to the phase shifted local signal multipher 54 via the phase shifter 
50. 

The IF signal and the output firom the phase shifter 50 are multiphed 
by the phase shifted local signal multipher 54. If the output from the phase 
shifter 50 is represented as cos(a)t+ (/>) (note that 0= an amount of the phase 
shifted by the phase shifter 50), the output from the phase shifted local 
signal multipher 54 is represented as' 

((I(t)+P(t)) cosa;t+Q(t)sinC6)t) cos (wt+(Zi) (3) 

The pseudo noise multipher 56 multiphes the output from the phase 
shifted local signal multipher 54 by the pseudo noise PN. If^= 0, the 
output firom the pseudo noise multipher 56 is represented as- 
P(t) ((I(t)+P(t)) coscot+Q(t)sina;t) coscot — (5) 
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The integrator 58 integrates the output from the pseudo noise 
multiplier 56, and outputs the integrated signal. Note that the integration 
interval is sufficiently longer than the period of the local signal and the 
period of the pseudo noise. Note that the period of the pseudo noise is 
sufficiently longer than the period of the local signal. If^= 0, the output 
from the integrator 58 is represented as- 

SP(t) ((I(t)+P(t)) coscc)t+Q(t)sina;t) cosc^t 

= S P(t)I(t)cos2a>t+ S P(t)2cos2a;t+(l/2) S P(t)Q(t)sin2a;t 

= S P(t)2cos2a;t 

= c ( 6 ) 

where c is a certain constant. An integral of P(t) in a sufficiently long 
interval is 0, and terms of P(t) will disappear. An integral of sin2a>t in a 
sufficiently long interval is also 0, and a term of sin2cc>t will disappear. An 
integral of P(t)2 in a sufficiently long interval is a constant, which is not 0, 
and c will thus be the certain constant. 

The output from the integrator 58 is denoted by Det, and is supphed 
to the error measurement section 70. 

The above description is given of the case where the pseudo noise PN 
is supphed to the adder 14. However, the pseudo noise PN may be supplied 
to the adder 24. In this case, the output from the multipher 16a is 
represented as- 

l(t)cosa>t ••• (11) 

The output from the multipher 26a is represented as- 
(Q(t)+P(t)) sina;t - (12) 
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The output from the phase shifted local signal multipher 54 is 

represented as- 

(I(t)cosa;t+ (Q(t)+P(t)) sincot) cos (cot+0) — (13) 

If the (ZS = 0, the output from the pseudo noise multiplier 56 is 
represented as- 
P(t) (I(t)cosa;t+ (Q(t)+P(t)) sincot) cosa;t — (15) 

The output (Det) from the integrator 58 is represented as- 
SP(t) (I(t)coscot+ (Q(t)+P(t)) sino^t) coswt 
= S P(t)I(t)cos2a;t+(l/2) S P(t)Q(t)sin2a;t+(l/2) S P(t)2sin2cot 
= 0 (16) 

Note that the integral of P(t) in a sufficiently long interval is 0, and terms of 
P(t) will disappear. An integral of sin2a)t in a sufficiently long interval is 
also 0, and a term of sin2a;t will disappear. 

Thus, if(^=0, 

Det =c, if the pseudo noise PN is supphed to the adder 14 (I signal), 
and Det =0, if the pseudo noise PN is supplied to the adder 24 (Q signal). 

Det as described above is shown in FIG. 2(a) while I and Q are 
respectively assigned to the horizontal and vertical axes. If 0, (I, Q) = (c, 
0). If (Zi= 90^ (I, Q) = (0, -c); if ci= -90°, a, Q) = (O, c); if 0 = 45^ (I, Q) = 
(c/V2, -C/V2); and if 0= -45**, (I, Q) = (c/V2, c/V2). Consequently, Det forms a 
circle with a radius of c as shown in FIG. 2(a). 
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However, the above resvilt is obtained only if the DC offset errors, the 
phase error, and the amphtude errors are not present. These errors 
actually exist. 

For example, it is assumed that there are amplitude errors, and the I 
signal and Q signal are increased respectively by ml and m2 times, as a 
result. In this case, as shown in FIG. 2(b), the radii with respect to the I 
and Q axes are increased respectively by ml and m2 times. 

Moreover, it is assumed that there are DC offset errors lo and Qo 
respectively for the I and Q signals, and there is a phase error ijj. As a 
result, as FIG. 2(c) shows, the coordinate of the center of an eUipsoid is 
moved to (lo, Qo), and the axes are rotated by iir. 

The error measurement section 70 receives Det, and represents it on 
the IQ coordinate system as shown in FIG. 2 to measure the offset errors, 
phase error, and amphtude errors. 

If ^is changed from 0** to 360** by each 45^, coordinates are obtained 
at eight points as shown in FIG. 3. In this case, the errors are measured by 
obtaining the major axis, minor axis, center, and gradient of the axes of the 
eUipsoid based upon these eight points. On this occasion, if a, b, rl, and r2 
are designated as shown in FIG. 3, the phase error 0 is represented as- 
O =cos"i( 2 rlr2/(rl2-hr22)) — (20) 

If a reference radius is designated as R, the amplitude error of I 
signal is represented as- 
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(a-Rcos^)/Rcosa> — (2 1) 

If the reference radius is designated as R, the amplitude error of Q 
signal is represented as- 

(b-RcosO)/RcosO — (22) 

According to the first embodiment, the IF signal output adder 52 
provides the signal obtained by adding the converted signal (the signal 
obtained by mixing the pseudo noise superimposed signal obtained by adding 
the pseudo noise signal to the I signal (Q signal) with the local signal) to the 
signal obtained by mixing the Q signal (I signal) with the local signal. The 
level of the pseudo noise PN is low on this signal, and this signal may thus be 
treated as the IF signal. 

Moreover, the error measurement section 70 can use the result of the 
addition by the IF signal output adder 52 to measure the DC offset errors, 
phase error, and amplitude errors. Therefore, these errors can be 
calibrated. 

Consequently, while the IF signal is obtained, namely the modulation 
is being carried out, the DC offset errors and the like may be obtained, and 
further, the I signal and Q signal may be calibrated. 

Second Embodiment 

A second embodiment is different fi:om the first embodiment in that 
the I signal or Q signal is subtracted by a first subtractor 60 firom the output 
from the phase shifted local signal multiplier 54, and a result of the 
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subtraction is input to the pseudo noise multiplier 56. 

FIG. 4 is a block diagram showing a configuration of an orthogonal 
modulation device according to the second embodiment of the present 
invention. The orthogonal modulation device according to the second 
embodiment is provided with the amplifiers 12 and 22, the adders 14 and 24, 
the signal conversion sections 16 and 26, the pseudo noise generator 32, the 
attenuator 34, the pseudo noise addition subject signal selecting section 36, 
the local signal source 40, the 90-degree phase shifter 42, the phase finely 
adjusting sections 441 and 44Q, the phase shifter 50, the IF signal output 
adder 52, the phase shifted local signal multiplier 54, the pseudo noise 
multiplier 56, the integrator 58, the first subtractor 60, a subtraction subject 
signal selecting section 61, an amplifier 62, an adder 64, a variable gain 
amplifier 68, and the error measurement section 70. In the following 
section, similar components are denoted by the same numerals as of the first 
embodiment, and wiQ be explained in no more details. 

The amplifiers 12 and 22, the adders 14 and 24, the signal conversion 
sections 16 and 26, the pseudo noise generator 32, the attenuator 34, the 
pseudo noise addition subject signal selecting section 36, the local signal 
source 40, the 90-degree phase shifter 42, the phase finely adjusting sections 
441 and 44Q, the phase shifter 50, the IF signal output adder 52, the phase 
shifted local signal multiplier 54, the pseudo noise multipher 56, the 
integrator 58, and the error measurement section 70 are the same as those in 
the first embodiment. Note that the pseudo noise multipher 56 multipHes 
the output from the first subtractor 60 by the pseudo noise PN. 
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The first subtracter 60 subtracts the I signal or the Q signal from the 
output from the phase shifted local signal multiplier 54. Note that the I 
signal or Q signal is suppUed to the first subtractor 60 via the subtraction 
subject signal selecting section 61, the amplifier 62, the adder 64, and the 
variable gain amplifier 68. 

The subtraction subject signal selecting section 6 1 selects the I signal 
or the Q signal as the user signal suppHed to the first subtractor 60. Note 
that the user signal supplied to the first subtractor 60 is the user signal to 
which the pseudo noise addition subject signal selecting section 36 has 
selected to add the pseudo noise. For example, if the pseudo noise PN is 
added to the I signal (Q signal), the subtraction subject signal selecting 
section 6 1 selects the I signal (Q signal) as the user signal to be supplied to 
the first subtractor 60. The subtraction subject signal selecting section 61 
serves as a switch. If a terminal 61a and a terminal 611 are connected with 
each other, the I signal is supplied to the first subtractor 60. If the terminal 
61a and a terminal 6lQ are connected with each other, the Q signal is 
supphed to the first subtractor 60. 

The amplifier 62 receives the I signal or Q signal from the 
subtraction subject signal selecting section 61, and amplifies the received 
signal. 

The adder 64 adds a DC offset (DC-R) to an output from the 
amplifier 62. Note that the DC offset (DC-R) is a signal used to adjust an 
offset error of the I signal or the Q signal. Note that "R" of DC-R denotes a 
capital letter of "Reference", The user signal supphed to the first subtractor 
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60 is considered as a "Reference". 

The variable gain amplifier 68 amplifies an output firom the adder 64, 
and outputs an amplified signal. The variable gain amplifier 68 adjusts an 
amplitude error of the I signal or the Q signal by changing a gain thereof. 

A description will now be given of an operation of the second 
embodiment. 

The pseudo noise generator 32 generates the pseudo noise PN. The 
level of the pseudo noise PN is reduced to the level equal to or lower than the 
floor noise by the attenuator 34. The pseudo noise PN is input to the adder 
14 or the adder 24 by the pseudo noise addition subject signal selecting 
section 36. 

The I signal (Q signal) is amplified by the amplifier 12 (22), and is 
supphed to the adder 14 (24). The pseudo noise PN is suppHed to the adder 
14 (or the adder 24). 

If the pseudo noise PN is suppHed to the adder 14, the pseudo noise 
PN is added to the I signal amplified by the amplifier 12, resultiag ia the 
pseudo noise superimposed signal. The DC offset (DC— I) is further added 
by the adder 14 to adjust the offset error of the I signal. The DC offset 
(DC-Q) is added to the Q signal amplified by the amplifier 22 to adjust the 
offset error of the Q signal. 

If the pseudo noise PN is supplied to the adder 24, the pseudo noise 
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PN is added to the Q signal amplified by the amplifier 22, resulting in the 
pseudo noise superimposed signal. The DC offset (DC-Q) is fiirther added 
by the adder 24 to adjust the offset error of the Q signal. The DC offset 
(DC-I) is added to the I signal amplified by the amplifier 12 to adjust the 
offset error of the I signal. 

The local signal source 40 generates the local signal at the 
predetermined local frequency. The local signal is supphed to the signal 
conversion section 16 via the phase finely adjusting section 441. Moreover, 
the local signal is supplied to the signal conversion section 26 via the 
90-degree phase shifter 42 and the phase finely adjusting section 44Q. 

If the pseudo noise PN is supphed to the adder 14, the multipher 16a 
mixes the pseudo noise superimposed signal output from the adder 14 with 
the local signal. If the I signal, the pseudo noise PN, and the local signal 
are respectively denoted by I(t), P(t), and cosojt, the output firom the 
multipher 16a is represented as^ 

(I(t)+P(t)) coscot (3 1) 

The output from the multipher 16a is amplified by the variable gain 
amplifier 16b. As a result, the amphtude error of the I signal is adjusted. 

The mvdtipher 26a mixes the signal output from the adder 24 with 
the local signal (note that the phase is shifted by 90°). If the Q signal and 
the local signal are respectively denoted by Q(t) and coso^t, the output from 
the multipher 26a is represented as- 

Q(t)sina;t (32) 
The output from the multipher 26a is amplified by the variable gain 
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amplifier 26b. As a result, the amplitude error of the Q signal is adjusted. 

The outputs from the signal conversion section 16 and the signal 
conversion section 26 are added by the IF signal output adder 52 to generate 
the IF signal. Consequently, the IF signal is obtained and is modulated. 
Since the level of the pseudo noise PN is low, there is caused no problem if 
the IF signal is used as a modulated signal. 

Moreover, the local signal generated by the local signal source 40 is 
supplied to the phase shifted local signal multiplier 54 via the phase shifter 
50. 

The IF signal and the output from the phase shifter 50 are multiplied 
by the phase shifted local signal midtiplier 54. If the output from the phase 
shifter 50 is represented as cos(a)t+ 0) (note that 0= an amount of the phase 
shifted by the phase shifter 50), the output from the phase shifted local 
signal multipUer 54 is represented as- 

((I(t)+P(t)) coswt+Q(t)sina>t) cos {(ot+ (^) (3 3) 

The subtraction subject signal selecting section 61 selects the I signal 
or the Q signal, and supplies the selected signal to the amplifier 62. If the 
pseudo noise is added to the I signal, the I signal is supplied to the amplifier 
62. The I signal is amplified by the amplifier 62, and is suppHed to the 
adder 64. The DC offset (DC-R) is added to the I signal amplified by the 
amplifier 62 to adjust the offset error of the I signal. The output from the 
adder 64 is amplified by the variable gain amplifier 68. As a result, the 
amphtude error of the I signal is adjusted. 
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The output from the phase shifted local signal multiplier 54 and an 
output from the variable gain amplifier 68 are supplied to the first 
subtractor 60. The first subtractor 60 subtracts the output from the 
variable gain amplifier 68 from the output from the phase shifted local signal 
multiplier 54. Equation (34) represents the output from the phase shifted 
local signal multiplier 54. Note that 0=0. 

((I(t)+P(t)) cosC6)t+Q(t)sina;t) coso^t (3 4) 

The output from the variable gain amplifier 68 is represents as I(t). 

The output from the first subtractor 60 is represented as- 
((I(t)+P(t)) cosa)t+Q(t)sincc)t) cosa;t-I(t) 
= (-l+cos2a;t) I(t)+P(t)cos2a;t+(l/2)Q(t)sin2a>t — (3 5) 
If it is configured such that cos^cot = 1, a term of l(t) becomes almost 
neghgible. Consequently, the dynamic range of the pseudo noise multiplier 
56 may be lower than that of the first embodiment. If the term of I(t) is not 
neghgible (first embodiment), the dynamic range of the pseudo noise 
multiplier 56 must be high. 

The pseudo noise multiplier 56 mxiltiplies the output from the first 
subtractor 60 by the pseudo noise PN. A subsequent operation is the same 
as that of the first embodiment. 

The second embodiment provides a similar effect as the first 
embodiment. Moreover, the dynamic range of the pseudo noise multipher 
56 may be low. 



26 



FADT0401PCT 



Third Embodiment 

A third embodiment is different from the first embodiment in that a 
signal obtained by subtracting the signal obtained by mixing the I signal or 
the Q signal with the local signal firom the output from the IF signal output 
adder 52 is multiplied by the output from the phase shifter 50 by the phase 
shifted local signal multipher 54. 

FIG. 5 is a block diagram showing a configuration of an orthogonal 
modulation device according to a third embodiment of the present invention. 
The orthogonal modulation device according to the third embodiment is 
provided with the amplifiers 12 and 22, the adders 14 and 24, the signal 
conversion sections 16 and 26, the pseudo noise generator 32, the attenuator 
34, the pseudo noise addition subject signal selecting section 36, the local 
signal source 40, the 90 -degree phase shifter 42, a switch 43, phase finely 
adjusting sections 441, 44Q, and 44R, the phase shifter 50, the IF signal 
output adder 52, the phase shifted local signal multiplier 54, the pseudo 
noise multiplier 56, the integrator 58, the subtraction subject signal selecting 
section 61, the amplifier 62, the adder 64, a multiplier 66, the variable gain 
amplifier 68, the error measurement section 70, and a second subtracter 80. 
In the following section, similar components are denoted by the same 
numerals as of the first and second embodiments, and wiU be explained in no 
more details. 

The amplifiers 12 and 22, the adders 14 and 24, the signal conversion 
sections 16 and 26, the pseudo noise generator 32, the attenuator 34, the 
pseudo noise addition subject signal selecting section 36, the local signal 
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source 40, the 90-degree phase shifter 42, the phase finely adjusting sections 
441 and 44Q, the phase shifter 50, the IF signal output adder 52, the phase 
shifted local signal multipher 54, the pseudo noise multipHer 56, the 
integrator 58, and the error measurement section 70 are the same as those in 
the first embodiment. Note that the phase shifted local signal multiplier 54 
multiplies the output from the phase shifter 50 by an output firom the second 
sub tractor 80. 

The subtraction subject signal selecting section 61, the amplifier 62, 
and the adder 64 are the same as those in the second embodiment. 

The switch 43 supplies the phase finely adjusting section 44R with 
the local signal generated by the local signal source 40 (upon the subtraction 
subject signal selecting section 61 selecting the I signal), or the output firom 
the 90-degree phase shifter 42 (upon the subtraction subject signal selecting 
section 61 selecting the Q signal). 

The phase finely adjusting section 44R carries out such adjustment 
that the phase of an output therefrom matches that of the 1 signal or the Q 
signal. Namely, the phase finely adjusting section 44R adjusts the phase 
error. 

The multiplier 66 multiplies the output from the phase finely 
adjusting section 44R and the output from the adder 64, and outputs a 
multiplied residt. As a result, the I signal or the Q signal is mixed with the 
local signal. 
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The vaxiable gain amplifier 68 amplifies the output firom the 
multipUer 66, and outputs the ampUfied signal. The variable gain amplifier 
68 adjusts the ampUtude error of the I signal or the Q signal by changing the 
gain. The variable gain amplifier 68 may be provided prior to the multipUer 
66. 

The second subtractor 80 subtracts the output firom the variable gain 
amplifier 68 fi-om the output fi*om the IF signal output adder 52. 

A description will now be given of an operation of the third 
embodiment. 

The pseudo noise generator 32 generates the pseudo noise PN. The 
level of the pseudo noise PN is reduced to the level equal to or lower than the 
floor noise by the attenuator 34. The pseudo noise PN is input to the adder 
14 or the adder 24 by the pseudo noise addition subject signal selecting 
section 36. 

The I signal (Q signal) is amplified by the ampHfier 12 (22), and is 
suppUed to the adder 14 (24). The pseudo noise PN is supphed to the adder 
14 (or the adder 24). 

If the pseudo noise PN is supplied to the adder 14, the pseudo noise 
PN is added to the I signal amplified by the amplifier 12, resulting in the 
pseudo noise superimposed signal. The DC offset (DC-I) is further added 
by the adder 14 to adjust the offset error of the I signal. The DC offset 
(DC-Q) is added to the Q signal amplified by the amplifier 22 to adjust the 
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offset error of the Q signal. 

If the pseudo noise PN is supplied to the adder 24, the pseudo noise 
PN is added to the Q signal amplified by the amplifier 22, resulting in the 
pseudo noise superimposed signal. The DC offset (DC-Q) is further added 
by the adder 24 to adjust the offset error of the Q signal. The DC offset 
(DC-I) is added to the I signal amplified by the amplifier 12 to adjust the 
offset error of the I signal. 

The local signal source 40 generates the local signal at the 
predetermined local frequency. The local signal is supplied to the signal 
conversion section 16 via the phase finely adjusting section 441. Moreover, 
the local signal is supplied to the signal conversion section 26 via the 
90-degree phase shifter 42 and the phase finely adjusting section 44Q. 

If the pseudo noise PN is supplied to the adder 14, the multipHer 16a 
mixes the pseudo noise superimposed signal output fi:om the adder 14 with 
the local signal. If the I signal, the pseudo noise PN, and the local signal 
are respectively denoted by l(t), P(t), and cos cot, the output from the 
multipher 16a is represented as- 

(I(t)+P(t)) cosa;t •••(4 1) 
The output firom the multiplier 16a is amplified by the variable gain 
amplifier 16b. As a result, the amphtude error of the I signal is adjusted. 

The multiplier 26a mixes the signal output from the adder 24 with 
the local signal (note that the phase is shifted by 90**). If the Q signal and 
the local signal are respectively denoted by Q(t) and coscot, the output from 
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the multiplier 26a is represented as- 

Q(t)sina;t — (4 2) 
The output from the multipUer 26a is amplified by the variable gain 
amplifier 26b. As a result, the amplitude error of the Q signal is adjusted. 

The outputs from the signal conversion section 16 and the signal 
conversion section 26 are added by the IF signal output adder 52 to generate 
the IF signal. Consequently, the IF signal is obtained and is modulated. 
Since the level of the pseudo noise PN is low, there is caused no problem if 
the IF signal is used as a modulated signal. 

The subtraction subject signal selecting section 6 1 selects the I signal 
or the Q signal, and supplies the selected signal to the amplifier 62. If the 
pseudo noise is added to the I signal, the I signal is supplied to the amplifier 
62. The I signal is amplified by the amplifier 62, and is supplied to the 
adder 64. The DC offset (DC-R) is added to the I signal amplified by the 
amplifier 62 to adjust the offset error of the I signal. An output from the 
adder 64 is suppHed to the multipHer 66. The multiplier 66 mixes the I 
signal with the local signal. The mixed signal is then amplified by the 
variable gain amplifier 68. As a result, the ampHtude error of the I signal is 
adjusted. The output firom the variable gain amplifier 68 is represented as 
I(t)cosc<;t. Since the local signal is mixed, which is different from the second 
embodiment, the output is not represented as I(t). 

The second subtracter 80 subtracts the output from the variable gain 
amplifier 68 from the output firom the IF signal output adder 52. The 
output from the second subtracter 80 is represented as- 
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(I(t)+P(t)) coscot+Q(t)sinwt-I(t)cosa)t=P(t)cosa>t+Q(t)sina;t 

(43) 

It should be noted that terms of I(t) are no longer present. 

The output from the second subtractor 80 and the output from the 
phase shifter 50 are multiplied by the phase shifted local signal multiplier 54. 
If the output from the phase shifter 50 is represented as cos(a)t+^) (note 
that ^ = an amoimt of the phase shifted by the phase shifter 50), the output 
from the phase shifted local signal multipher 54 is represented as- 
(P(t)cosa;t+Q(t)sina;t) cos (cot+gi) (4 4) 

The pseudo noise multiplier 56 multiplies the output from the phase 
shifted local signal multipher 54 by the pseudo noise PN, and the integrator 
58 integrates the resulting signal. Note that the integration interval is 
sufficiently longer than the period of the pseudo noise PN and the period of 
the local signal. Note that the period of the pseudo noise PN is sufficiently 
longer than the period of the local signal. If the0= 0, the output from the 
integrator 58 is represented as- 

SP(t) (P(t)cosa;t+Q(t)sincot) coso^t 

= S P(t)2cos2cot+(l/2) S P(t)Q(t)sin2a;t 

= c - (45) 

Note that S sina)t • coscot= ( 1/2) • S sin2a)t=0, and a term of Q(t) is thus 
no longer present. Terms of I(t) are not present either. Consequently, the 
dynamic range of the pseudo noise multipher 56 may be lower than that of 
the first embodiment. If the term of l(t) is not neghgible (first embodiment), 
the dynamic range of the pseudo noise multipher 56 must be high. 
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A subsequent operation is the same as that of the first embodiment. 

The third embodiment provides a similar effect as the first 
embodiment. Moreover, the dynamic range of the pseudo noise multipUer 
56 may be low. 

Note that, on a computer including a CPU, a hard disk, and a media 
(such as a floppy disk and a CD-ROM) reading device, the media reading 
device may be caused to read a medium recording a program reaUzing the 
respective components described above (such as the error measurement 
section 70), and the program may be installed on the hard disk in above 
embodiments. The orthogonal modulation device may be reafized in this 
way. 
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